INTRODUCTION
Major radiation test facilities will be necessary in the near-term (five years) and long-term (>10 years) future for the timely development and understanding of fusion confinement systems and of prototype fusion power reactors. The study includes the technical justifications and requirements for CTR Neutron and Plasma Radiation Test Facilities. In assessing the technical justification and requirements for a CTR Radiation (plasma and neutron) Test Facility, it is necessary to delineate the CTR Materials Program into two general areas of study: surface radiation effects and bulk radiation effects.
1. Surface Radiation Effects. The surface radiation effects involve the study of the primary and secondary plasma radiation (MeV neutrons, energetic particles and ions, x rays, bremsstrahlung, soft x rays, and synchrotron radiation) interaction effects on the immediately adjacent wall materials. The resulting blistering, sputtering, and particle emission lead to wall erosion and plasma contamination, which in turn influences the physics of plasma confinement and heating. A most important aspect of the overall surface area problem is that the incident radiation field is a spectrum of reaction mechanisms. The surface problem relates directly to the plasma physics and confinement experiments currently being carried out in the major CTR laboratories.
2. Bulk Radiation Effects. The bulk radiation effects involve the study of fusion spectra (eV to 14 MeV) neutrons with the structural component materials of high-powered fusion reactors. The volume integrated (bulk) neutron fluence effects on the physical and mechanical properties, creep strength, ductility, and dimensional instability (swelling) relate to the design problems of the more long-range development of prototype and/or demonstration fusion power reactors. However, the high-performance conditions associated with the power reactors necessitate the early study of materials under intense neutron radiation conditions.
PLASMA SOURCE
The recent advances made in surface physics by the investigators at several laboratories have placed a timely priority in this area of study. The planned experimental program has been extended to study surface effects which require diverse radiation sources and at intensity levels higher than those currently available. The minimum neutron fluence needed to obtain observable measurements for surface effects is approximately 10*-7 to lO^ n/cm^. The program emphasizes the need for studying the simultaneous impact of radiation on surface materials. (neutron and ion-bombardment correlation experiments, void formation, defect formation, etc.) which may be satisfied with the neutron flux levels in the upper range required by the surface program.
An important aspect of a thermal plasma device is that the simultaneous yield of neutrons, energetic particles, bremsstrahlung, soft x rays, and synchrotron radiation, makes possible the study of the synergistic effects of the radiation fields on the vacuum-wall materials. The total plasma radiation environment may more closely simulate the integral effects anticipated at the first wall of a fusion device or reactor, but at lower intensity. The simulation results from the fact that in thermonuclear plasma reactions the relative intensity ratios of the neutrons and alpha particles, and the bremsstrahlung radiation, are constant and independent of the type of confinement device. The intensities are each proportional to the square of the ion density. The relative ratio with respect to the synchrotron radiation is inversely proportional to P (the ratio of plasma to magnetic field pressure) and as such is apparently device dependent. However, the extent of this dependency will rely on the opacity of the plasma to this radiation.
Selective filtering of the separate reflation components may introduce a capability for differential and integral surface effects studies and, in addition, bulk radiation effects for neutron fluxes of sufficient intensity.
DENSE PLASMA FOCUS (DPF)
Of the many types of currently operable plasma devices, the dense plasma focus Experiments have shown that at high pressures (>10 Torr) the focus is a thermalized plasma yielding thermonuclear neutron and x-ray radiation. At low pressure conditions (<2-3 Torr) the ion-accelerator mechanism is enhanced until at low enough pressures the acceleration-target mode is the predominant mechanism for the neutron source [13] [14] [15] [16] . In this operating regime and depending on the design of the device, there exists a hard x-ray component arising from the ionbeam interaction on the electrode face.
The utilization of the dense plasma focus device as a radiation test facility for the CTR program will therefore require that the device be operated in the high-pressure mode in order to more closely simulate thermonuclear plasma sources. yield reported is 1.2 x 10 12 n/pulse at the capacitor-bank energy of 420 kJ.
Deuterium-Tritium Gas. The neutron production for a 50-50 deuteriumtritium gas mixture from a series of LASL experiments resulted in (D,T)/(D,D) ratios of approximately 80-100, which are consistent with the expected crosssection ratio for plasma temperatures in the range of 1-10 keV. The generally accepted scaling factor for a (D,T) system is taken as approximately 80.
4. Pulsed-energy Storage and Transfer System. The repetitive pulsing characteristics of a plasma device will be an important consideration in determining the development potential as a radiation test facility. Repetition rates of several pulses per second are necessary to not only establish feasibility but would introduce important options in the scaling program. For plasma focus devices, the total scaling is effected by the capacitor-bank energy and repetition rate. Options will exist to allow high energy at low repetition rates or low energy at high repetition rates for a given total power level. A modest development program to design commercially producible capacitors and switching systems having a lifetime of >10? cycles would not introduce a time delay in the utilization of some of the proposed pulsed devices. Table I . In scaling the experimental data to facility design parameters, an upper limit of 10 MW was adopted as a reasonable operating power level for a research test facility (e.g., fission research reactors). This power level allows a flexibility in setting the capacitor-bank energy and repetition rate to meet the needs of surface and bulk materials program provided the problems of cooling and lifetime of electrodes are solvable. A 2MJ -60 kV system is a factor of five greater than the operating experience on the LASL 420 kJ -46 kV system. This extrapolation will eventually be decreased to factors of three and two as experience is gained from •ro,,.i«tion ratio of BO. atr.tt az the specified peak flux »iwilt«n«ou*Ly.
Potential Utility of a DPFRTF. A summary of the potential design parameters for developing the DPF device into a radiation test facility is given in
lower bank energies. It may develop that the focus is found to be current limited, voltage limited, or both, in which case the upgrading of the facility would be through the pulsing rate. If these limits are not observed in the range of the above operating levels, then the facility has the potential of meeting the longerterm requirements of both the surface and bulk radiation programs. There are many options and combinations of options: scaling in capacitor-bank energy, scaling in pulsing rate, and improved geometry factors, that should be explored in a more detailed facility design study, and an expanded experimentation with large-scale plasma focus devices.
REMARKS ON FACILITY DESIGN
The overall design study of the facility should include the following general areas: a) plasma focus physics and plasma diagnostics for studying and confirming neutron scaling laws, and reproducibility; b) engineering layout to optimize the accessibility of the neutron and plasma source to a diverse and simultaneously executed experimental program; c) energy storage and transfer systems in the range of several MJ; d) repetition rate of energy storage and transfer systems in the range of several pps; e) engineering heat-dissipation system for electrodes and energy storage; f) mechanical design of the plasma device and total systems components under cyclic mechanical stresses; g) central electrode design and materials program for extending lifetime of electrode (surface erosion and minimize impurities into plasma); h) engineering the tritium and deuterium fueling and recovery system, vacuum and pumping systems; i) engineering safeguards for tritium environment; j) engineering the total remote handling of components for assembly and disassembly of subsystems, and for experimental components; k) surface and materials study and assessment of pulsed versus continuous radiation effects; and 1) capital costs and operating costs per experiment.
